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C!CMBINEDANGLESOFAT9!ACKANDSIDESLIPOFA
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An investi~ation

andRobertW. Duming

SUMMARY

hasbeenconductediptheLangley9- by g-inch
w Machnumber4 blowdownJeton a generaliz&ibody-wing-tailmissilelike

configurationto determinethesourceof theadverserollingmomentdue
toyawexperiencedby thistjpeof configurationhavingliftingsurfaces
snd‘ventralenddorsaltailsurfaces.At thesametimeitwasdesirable
todeterminethecontributionof themodelcomponents(body,wing,end
tail)to theaerodynamiccharacteristicsof thecompleteconfiguration
andto determinewhetheror nota simplemethodexistsforpredictingthe
longitudinalandlateralaerodynamiccharacteristicsat combinedangles
of attackandsideslip.Itwasfoundthattheadverserollingmoment
resultsfromunequslpressuresonupperendlowerfinsinducedby t& “-
wingflowfieldsat angleof attack,andthatingenerslavailable
engineeringmethodsadequatelypredicttheaerodynamicforcesbutare
lessaccurateinpredictingcentersofpressure.

INTRODUCTION

b a numberof flighttestsofmissileshavingliftingsurfacesand
dorsalandventraltailsurfaces,ithasbeenfoundthata fairlylarge
adverserollingmomentduetoyaw (positiveC2P)is imposedon themfs-
silesat combinedanglesof attackandsideslip.Jh sneffortto deter-
minethecauseof thisadverserolling?mnent,aswellas theeffectsof
thevariouselementsof a body-wing-tailconfigurationupontherolling

*
*Title.Unclassified.
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moment,variouscombinationsofthecomponentsof a generalizedmissile-
likeconfigurationweretestedina blowdownjet.

.

An siiditionslpurposeoftheinvestigationwastodeterminethe
adequacyof availableengineeringmethodsinpredictingthelongitudinal
andthelateralcharacteristicsfora bodyalone;a bodywithone,two,
three,or fourtrapezoidaltailsor oneor twotriangulartails;anda
bodywitha wingin twolongitudinalpositionsandwiththeaforemen-
tionedtailarrangements.

Thetestswereconductedata Machnuiberof 4.o8andanaverage
Reynoldsnumberof 1.6x 106,basedonthemaximumbodydiameter.Normal
force,pitchingmoment,rollingmoment,sideforce,and(forseveralcon-
figurations)yawingmomentwereobtainedforanangle-of-attackrangeof
0°to 15°forconfigurationswithoutliftingsurfacesandproportionately
smallerrangesforthosewithliftingsurfaces,foranglesof sideslip
of00to 50.

SYMBOLS .

Theforcesandmomentsarereferredto thebodyaxes,andtheref- K
erencecenterofmomentsislocatedat 51.4percentbodylength(fig.1).

bodyfrontalarea, tid2/4

W~ chord

rolling-momentcoefficient,MX/qAd

pitching-momentcoefficient,~/qAd

yawing-momentcoefficient,MZ/qAd

normal-forcecoefficient,-Fz/@

side-forcecoefficient,~y/qA

rateof changeofrolling-momentcoefficientwithangleof
sideslip,hc@$

rateof changeofyawing-momntcoefficientwithangleof
sideslip,aCJap

.

u.
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v
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x

rateof changeof side-forcecoefficientwithsngleof sideslip,
acyiap

maximumbodydiameter
forcealo& Y-axis

forcealongZ-sxis

bodylength

momentaboutX-sxis

momentaboutY-axis

momentaboutZ-sxis

free-streamdynsmicpressure

radiusof curvature

componentof free-streamvelocityalongX-exis

componentof free-stresnvelocityalongY-axis

free-stresmvelocity

componentof free-stresmvelocityalongZ-axis

longitudinaldistsncefrombadynoseto centerofpressure

angleof attack,tan-lw/u

angleof sideslip,sin-lv/v

CONFIGURATIONDESIGNATIONS

B body

H horizontaltailsymmetricalabut XZ-plane

‘2 lowerverticsltail
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vu upperverticaltail

Wf wingin forwardposition

Wr wQ3in rearwardposition

.

.

Subscripts:

trap trapezoidal

tri triangular,

An exampleof

planform

orhalf-delta,plsnform

thedesignationsis asfollows:‘f(NZvu)trau
representsa bodywithwingintheforwardpositionandhorizontfi,
uppervertical,andlowerverticaltrapezoided.tails.

KFPARATUSANDTESTS
.

ThetestswereconductedintheLangl~9-by 9-inchMachnumber4
blowdownjet. A descriptionof thejetanda“test-sectionflowcalibra- *.

tionispresentedinreference1. Thestagnationpressure,whichwas
recordedduringeachrunalongwiththetemperature,wascontrolledby a
pressure-regulatingvalve.Thepressurewasheldatapproximately13
atmospheresandthetemperatureduringtherunsdroppedfrom750F to
approximately30°F. Thispressureandtemperaturerangegaveanaverage
Reynoldsnumberof 1.6x 106basedonmaximumbodydiameter.Thetests
wererumwithairhatinglessthan5 x 10-6poundsofwatervaporper
poundofdryair. Thetest-sectionstatictemperatureandpressuredid
notreachthepointwhereliquefactionof airwouldbe expected.

A four-componentinternalstrain-gagebalancewasusedto obtain
normilforce,pitchingmoment,rollingwment,andsideforceforall
theconfigurations,andyatingmomentwasobtainedforseveralconfig-
urationswithanotherbalance.Combinedanglesof attackandsideslip
weresetby usinga combinationlens-prismembeddedinthemodelwallto
reflectandfocusa spotfroma lightsourceontoa previouslycalibrated
screen.Inthiswaytruesnglesweresetdirectly.Thesingle-of-attack
rsngewaslimitedby thedesignloadsofthebalancesndvariedfrom@
to 15°forconfigurationswithno liftingsurfacesto a minimumrsnge
of 0°to Y forthecompleteconfigurations.Thenominalsngle-of-
sidesliprangewas@ to 5°foralltests.
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‘MOIELS

A four-calibertangentogivenosewascombinedwithan eight-caliber
cylindertoformthebodyforallconfigurations.Addedtothisbodyin
twolongitudinalpositionswasa wingwitha rectangularplanform,an
aspectratioof1.67,anda 3.3-percent-thickwedge-slabsection.(See
fig.2 forallmodelcomponents.)Themodelwastestedwithvarious
verticalandhorizontaltrapezoidal-tailarrangementsandvariousver-
ticaltria~~ar.wilarr~ements(fig.3). Thetrapezoidalandtri-
angulartailshadthesameexposedplan-formareaandsamewedge-slab
section,butweredissimilarinplanform,aspectratio,andthickness
ratio.,Ccm@etedetailsaregiveninfigures2 and3 andtableI.

PRECISIONOFDATA

Themaximmprobableuncertaintiesinvolvedinmeasuringtheangles,
forces,andmomentsandindeterminingtheaerodynamiccoefficientsof
thepresenttestsaregiveninthefollowingtable:

a,deg.. . . . . . . . . . . . . . . . . . . . . . . . . . . . ~o.1
~,deg. . . . . . . . . . . . . . . . ;. . . . . . . . . . . . ~o*l

%“””””””””””””””””””””” ““”” ”””” *t0”020
%“”””””””””””””””””””” ““”” ”””” ””to”020
C2”“ “ “ “ “ “ “ ““ “ “ “ “ ““”” “ “ “ ““” ““ ““ “ “ “to”ms
Cn. . . . . . . . . . . . . . . . . . . . . . . . ● . . . . . .to.040
CY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .to.m6

METHOESOFP~DIC!TION

Longitudinal

Thenormalforceandcenterofpressureat ~ = 0°fortheogive-
cylinderbodyofthisinvestigationwereestimatedby themethodof
Grimminger,Williems,andYoung(ref.2),whichis simplya correlation
ofalltheexperimentalnormal-forcedataavailableforbodiesofrevo-
lutionin supersonicflowat thetimethecorrelationwasmade. The
methodhasbeenusedwithverygoodresultsinreferences3 and4. In
thepresentinvestigationthismethodwasusedforthebody-aloneresults
andforthecontributionofthebodywhencombinedwitha wingora hori-
zontaltail,orboth.
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Two-dimensionalshock-e~ansiontheory(ref.5),whichhasbeen
foundinreferences6 and7 togiveverygoodliftpredictionsat the
presentMachnumberforthree-tiensionalwingshavingattachedleading-
edgeshocks,wasusedsuccessfullytopredictthewing-alonenomal force
andcenterofpressureforthewingofthisinvestigation.Itwasnot
unreasonable,therefore,tousetheshock-e~ansiontheoreticalpredic-
tionsforthenormal-force-curveslopesandcentersofpressureof the
wingandhorizontaltailasa baseincalculatingthe@terference
forcesaccordingtothetheoryofPittsjNielsen,~d K~tt&riinref-
erence8. Themethodofreference8 isa modificationof slender-body
theorybutit issuggestedinthereferencethatitmaybe appliedto
configurationsotherthanslenderbodiesifa realisticnormal-force-
curveslopeisusedforthewing. Thiswasdonewithgoodresultsin
references3,4,and6. Themethodwasthereforeusedtopredictthe
interferenceeffectsofthewingon thebodyandon thetail,andthe
interferenceeffectsofthebodyonthewingandon thetail,forall
thecombinationconfigurationsofthisinvestigation.

Lateral

Thebasiclateralforcesndmomentpredictionsweremadeby essen-
tiallythessraemethodsas thelongitudinalpredictions.Themethodof
reference2 wasusedto calculatethebodysideforce,themethodof
reference8 wasusedto computetheinteractionsideforceofthebody
inthepresenceoftheverticaltail,andshock-expansiontheorywith
severalmodificationswasusedto computetheforceonthevertical
tails. Sinceforclose-coupledwingandtailconfigurationsofthe
presenttypethetailslieinthepathofthewingshockandexpansion
field=,itwasnecessarytocomputeboundariesandMachnunbersfor
thesewingfieldsinordertoestimatethetailforces.

In orderfortheforceonthetailtobe‘computed,thetailwas
firstdividedintoa finitenumberofhorizontalstripsandthen,to
accountforthebodysidewash,theangleofincidenceofeachstripwas
variedacrosst~espanaccordingto theequationofreference9:

a’=‘F+(321~‘herea’ isthemodifiedangleofincidence,a is

theindicatedsngleof incidence,a isthebodyradius,and x isthe
perpendiculardistancefromthebodycenterline,

Theshock-expansionpressureswerethenobtainedby usingthecom-
putedangleofincidenceforeachstripalongwiththecorrespondingMach
numberof thewingflowfield.Whentheforceforeachstriphadbeen
determineda summationwasmadeofthetailforcesandthencombinedwith
theotherforcesof
otherconfiguration

theconfiguration.Thisprocesswasrepeatedfor
mgles ofattackuntilthedesiredrangewascovered.

.
---

.
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Afterdeterminingtheforcesitwasa simplematterto determinethe
moments,bothyawingandrolling,by combininganestimatedcenterof
pressureforeachelementoftheconfiguration(includingtailstrips)
withitsforce.Thepredictionsinfinalformare cyB, C2B,and ~B

plottedagainsta, alongwiththeexperimentalresults.Someof the
restitsofthismethodarealsoshowninreference10atMachnmnbersof
4.06and6.86.

RESULTSANDDISCUSSION

LongitudinalCharacteristics

Thebasicexperimentallongitudinalcoefficientsarepresentedin
figures4 to 9 asfunctionsofangleof attackforrepresentativeangles
of sideslipandinfigures10 to 12as functionsof angleof sideslipfor
representativeanglesofattack.A completelistingof thee~erimenta.1
results(exceptforwing-alonedata,fig.8)-y be foundintableII,
andan indexofthefiguresispresentedasappendixA.

Effectsofangleof sideslip.-In general,thenormalforceforcon-
figurationshavinga wingis onlyslightlyaffectedby changingtheangle
of sideslipfrom0°to 4° or 5°. (Seefigs.4 to 6 and10to 12.) With
thewingremoved,however,a smallbutconsistentincreaseis observedin
CN withan increasein ~ from0° to4° or 5°. An explanationforthis
normal-forceincrease,whichis dependentnotontheincreasedresultant
singlebutonthenonlinearnormal-forcecurveandtheresolutionof the
res@tantforcesforbodiesofrevolution,isgiveninappendixB.

Thepitchingmomentisaffectedtoa greaterextentby thechangein
P. Onepossibleexplanationforthischangeinpitchingmomentwith
increasedp is theincreasedloadingon thebodydueto interference
betweenthebodyaudverticaltail,sincethegreatesteffects”areindi-
catedby theconfigurationshatingunsymmetricalverticaltails. (See
figs.4(b),(c),(f),and(g),and5(b)and(c).)

Effectsoftailconfiguration.-A csrefulexaminationoffigures4
to 6 revealsthat,withoneexception,changesin tailarrangementor
planformhadverylittleeffecton thenormalforce.Theoneexception
wastheadditionorremovalof theliftinghorizontaltail. Figure7
showsa sizableshiftinthepitching-mmentcurveswitha changein
tailconfigurationfroman upperfinto a lower,butthereappeartobe
no significantchangesin theslopes.Theshiftiseasilyexplainedby
consideringthedragforceproducedby thewedgeleadingedgeofeither
theupperor lowerfin,acti@ eccentrictothebodyaxisandcausingthe
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incrementat a = 00● Thetwotailplanforms
effectsonthepitchi~moment.

Effectsofwingposition.-Theonlyeffectofchangingthewing
positionwasthechangeinpitchingmomentduetomovingthepointof
applicationofthewingnormalforce.

Comparisonwiththeory.-Figure8 showstheexperimmtalresults
forwing-alonetestscomparedwithtwo-dimensionalshock-eqansion
theoryfornormalforceandpitchingmoment.Becauseofthesmall
valuesofpitchingmomentinvolved,slightinaccuraciesinthecenter-
of-pressurepredictioncauseratherlargepercentagewisedifferencesin
pitchingmoment.Thenormal-forcepredictioniswithin5 percentof the
experimentalresultsformostoftheangle-of-attackrange.

Comparisonsofexperimentalandtheoreticalnormalforceand
pitchingmomentareshowninfigure9 forvariouscombinationsof the
wing,body,andcruciformtrapezoidaltail. Thepredictionswerequite
adequateforthenomal forcewhenthefollowingmethodswereused: two-
dimensionalshockexpansionforthewingandhorizontal-taillift,the
methodofreference8 forbodyupwash,smdthehypersonicapproximation
ofreference2 topredictthenonlinearlift,ofthebody. Thepredic-
tionsforthepitchingmoment(fig.9(b))werenotas goodas thosefor
thenormalforce,indicatingthatthecenter-of-pressurepredictionsfor
thewinganditsinteractionswerenotasaccurateas theforcepredic-
tions.Thepredictionsfor”thebodyandbody-tailconfigurationswere
withinapproximately10percentoftheexperimentalvalues,butinsome
instancesthebody-wingandbody-wing-tailpredictionsshowedmorethan
a 30-percentvariationfromexperiment.

LateralCharacteristics

Thebasiclateraldataarepresentedinfigures10 to12along
withthelongitudinaldataagainstangleof sideslipforrepresentative
anglesof attack.Foreaseofdiscussion,configurationswithand
withoutthewingwillbe treatedseparately.

WIm-off configurations.-Thewinglessconfigurationsinfigures10
to12 shownonoteworthytrendsin C!yor CZ whenplottedagainst~.
Whenplottedagainsta, however,as showninfigure13for j3= 4°, Cy
and CZ bothindicatea decreaseineffectivenesswithincreasingu
forthebodywithuppertail,whereasa slightincreaseineffectiveness
wasindicatedfortheconfigurationswitha lowertail. Itwasassumed
atfirstinspectionthatthiswastheresultofthelow-aspect-ratio
upperfinsbeingshieldedby thebodyatanglesofattackabovezero.
Figure14indicates,however,thattheshieldingby thebodycouldnot .
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possiblyaccountforallthelossineffectivenessbecausetheside
●

forceforthebodywithuppertriangulartailis actuallylessthanthat
forthebodyaloneatthehigheranglesof attack,andtherollingmoment
actuallyreversessignat thesehighangles.Theresultsforthebody
withuppertrapezoidaltail(fig.15),althoughnotshowingthe Cl
reversal,do showthedecreasedeffectivenessin Cz forthehigher
angles,ofattack.Thelossineffectivenessandthereversalcanbe
attributedh thebodyvorticesshowninprofilein fi@re 16,which
consistsof scblierenpicturesof theflowoverthebodyalone,body
withtheuppertriangulartail,andbodywithwingat severalanglesof
attack.

Inan attemptto gaina betterunderstandingof thisrolling-moment
phenomenon,theincrementalrollproducedon a yawedbodyby addingem
upperverticaltailwasobtainedandispresentedin figure17as a
functionof theverticallocationofthevortexcoreinpercenttail
span. It shouldbe notedherethatbecauseofthedifferencesin span
ofthetriangularandtrapezoidaltails,thesamevortexlocationin
termsofpercenttailspanis obtainedat differentanglesofattack

. (andthereforeEM.fferentvortexstrengths)andthemomentsxeasof the
tailsaredifferent.E&h ofthesecharacteristicdifferencesshould
tendtomagnifytherollcontributionof thetrapezoidaltailbut,as“%
shownin figure17,therollcontributionsofbothtailsareapproximately
thesame. Thissbullarityin rollingmomentforthetwotailsindicates
thatathigheranglesofattack,whenthevorticesreachthetipof the
trapezoidaltail,therollingmomentmightalsoreversesign.

Theeffectivenessin Cy
B

and C2 forthetwotailplanformsIs
P

sho~ infigure18. Theeffectivenessofthetailsispresentedas the
ratioof theincrementalCyB or CZP contributedby thetailat
a > Oo to thatcontributedat a =
of theuppertriangulartailat the
a decrementinsteadof an increment
thetail.

Figures10to 12 showthessme

00. Notethenegativeeffectiveness
higheranglesofattack,indicating
in CyP and C2P contributedby

increasein sideforceforthewing-
lessconfigurationsat combinedanglesof sidesliyandattackaswas
pointedoutforthenormalforceinthediscussionoflo~itudinal
characteristics.Thediscussionin appendixB alsoappliesinthis
instance.

wing-onconfigurations.-Themostsignificantchangein thelateral
characteristicscausedby addinga wingis thelargeincreaseinrollAng
momentfortheconfigurations’havingsymmetricalverticaltails. (See
figs.10(a)andI-1.(a).)Ingeneral,theadditionof thewingprovidesan
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withincreasingangleofattackforallcon-
tailsurfacebuthasverylittleeffecton

sideforce. (Seetheremainingpartsoffigs.10and11.) Figure19 “
shows Cy, Cl,and Cn at a = 4° forthecomponentsofa configura-
tionconsistingof a body,a wing,anda symmetricalverticaltail
includingtheirinteractions.It is shownthatforthistypeof con-
figurationthebodyandthetailactuallyproducemostof theside
forceandthatthesmallwingcontributionactuallyopposesthe
resultantforce.Thetailalonecontributespracticallyalltheyawing
moment,beingopposedby thecontributionof thebody. me rolli%
momentisprovidedby theflowfieldof thewingoverthetail. This
istheadverserollduetoyawtowhichmissilelikeconfigurationswith
close-coupledwingandsymmetricalverticaltailsare”subjected.

Thewingpositionaffectsthelateralcharacteristicsonlytothe
extentthatit increasesorreducesthevertical-tailareaexposedto
thewingshockandexpansionfields.Exsm@esofthiswing-position
effectareshowninfiguresLO and1.1,whereit canbe seenthatthe
trapezoidaltail,whichhasa higheraspectratio,experienceslarger
changesinrollingmomentthanthetriangulartailowingtothegreater
changesinexposedarea. Figure20,whichispresentedtodemonstrate

@

theeffectsofangleofattackon a numberofconfigurationsat ~ = 4°,
adequatelyshowsthereducedCl fortheconfigurationwithtrapezoidal #

tailswiththewingintherearposition.Therollingmomentforthe
triangulartailsandthesideforceforalltheconfigurationsinfig-
ure20aregeneraldyunchangedby thealternatewingpositionof this
investigation.Figure20alsoindicatesthatan increaseinangleof
attackgenerallyprovidesan incrementin Cz andan incrementinnega-
tive Cy.

Theefficienciesin Cy
P

and Cz
P

forthevariousverticaltails
imersedin theflowfieldfromthewingintwolongitudinalpositions
aregiveninfigure21. Theseefficiencies(theratiosof theincre-
mentalCy

B
or Clp producedby theverticaltailsinthepresenceof

thebodyandwingto thatproducedby thesametailsinthepresenceof
thebodywithoutthewing)givean indicationoftheeffectivenessof
thetailsinthepresenceofthewingflowfieldsthroughanangle-of-
attackrange.Figure21 indicatesthattheuppertrapezoidaltailgen-
erallylosessomeeffectivenesswithincreasingangleofattack,
especiallywiththewingintherearwardpositionwhenthelowpressure
fieldfromthewingreducestheforceonthetails.Theuppertriangular
tail,however,actuallygainseffectivenesswithincreasingu whenthe
wingisin theforwardposition.Thisistheresultof thelow-pressure
wingflowfieldmovingoffthelower-aspect-ratiotailandexposingthe
tailto thehigherpressureflowbehindthetrailing-edgeshock.
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comparisonwiththeory.-Predictionsof

-9 thebodywithwingandtrapezoidaltailsare

11

Czp, Cnp,SJldCyp for

showninfigure22(a];
%p and ~ onlyaregivenfortheconfigurationswithtriangular
tiib (fig.~2(b)).In general,thetrendsoftheexperimentalCz are

P
adequatelypredicted,andexceptfortheconfigurationwithtwo trape-
zoidaltails,theexperbmtalvaluesaregenerallypredictedwithin15
to 20percent.Thepredictionsfor Cy

B
werealwayswithin10percent

of theexperimentalvalues.Itwouldseemthattheforcescanbe esti-
matedwithmuchmoreaccuracythanthecentersofpressure,sincethe
predictionsfor C-yparemuchbetterthanthosefor CZ

P“
Thepredic-

tions‘or cn~ arealsoratherinaccurate;
thantheexperimentalresults.

a
A wind-tunnel

andbody-wing-tail
●

atcombinedangles
havebeencompared

CONCLUSIONS

inallcasestheyarehigher

investigationhasbeenmadefora numberofbody-tail
missilelikeconfigurationsat a Machnmnberof4.08
of attackandsideslip,andtheexperimentalresults
withengineeringmethodsofprediction.Thefollowing

conclusionsweredrawnregardingthelongitudinalandlateralaerodynamic
characteristicsof theconfigurations:

1.Engineeringmethodsexistwhichgivereasonableapproximationsof
theforcesforboththelongitudinalandlateral.resultsof thisinvesti-
gationbutlessaccurateapproximationsforthecentersofpressure.

2.Foranglesof attackgreaterthanzeroat a givenangleof side-
slip,themajorsourcesof adverseincrementalrollingmomentare(a)the
wingshockandexpansionflowfieldsactingontheverticaltailand (b)
theshedbodyvorticesactingon theupperverticaltail.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,my 12,1958.

.
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APPENDIXA

INDEXOFFIGURES

Description

Axissystemfortestswithdirectionofforcesandmoments

Schematicdiagramofmodelshowingimportantdimensions

Schematicdiagramof varioustailconfigurationsof tests

CN and Cm againsta (p. 00 and 40 or 50)forallcon.
figurationshavingtrapezoidaltails

CN and ~ againsta (P= 0°and40 or50)forallcon-
figurationshavingtriangulartails

CN and Cm againsta (p= 0°and4°) forconfigurations
havingno tail

cm againstu (~= 0°)showingeffectsof tailarrangements

ExperimentalandtheoreticalCN and Cm againsta for
wing-alonetest

ExperimentalandtheoreticalCN and Cm againsta (~= 0°)
forvariouscombinationsofa body,wing,andcruciformtrape-
zoidaltail

C7,YCy>Cn
(a= 0° and
tails

cl> Cy) cm~
figurations

Cz> Cy} Cn>

(whenavailable), ~, and CN againstp
4°)forallconfigurationshavingtrapezoidal

and CN against~ (a= 0°and4°)forallcon-
hatingtriangulartails

cm, and
configurationshaving

Cy and Cz againsta

nowing

CN againstp (a= 0°and4°)for
no tail

(~= 4°) forallconfigurationshaving

P

“
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Figure

14

17

18

19

20

a

22

23

~y and CZ
bodyalone
effectsof

Cy and cl

Description

against~ (a= 0°,80,120,140,and150)for
andbodywithuppertriangulartailtoshow
bodyvortices

against~ (a= 00,80,~d 150)for-with

uppertrapezoidaltailto showeffectsofbodyvortices

Schlierenphotographsofflowforbodyalone,bodywithtri-
angulartails,andbodywithforwardwing
attackof @, 5°,10°,and15°

IncrementalCz dueto a againstpercent
(~.1° and5°)fortwoconfigurationsof
verticaltail

Taileffectivenessat a in CyP and C2P

atanglesof

oftailspan
bodyandupper

againsta for
severaltailsincombinationwitha bodyofrevolution

Sourcesof Cy, Cz,and Cn against@ (a= 4°)smongthe
variouselementsofa bodywithwingandverticaltails

Cy md Cz againsta (p= 4°)forseveralbody-wingand

body-wing-tailconfigurations

Tailefficiencyin Cy
$

and C2
P

againsta forseveral

tailarrangementsin combinationwitha bodyofrevolution
anda wing

ExperimentalandtheoreticalCZP,
c% ‘

and Cy
P

againsta

fora body-wing-tailconfigurationhavingseveraltail
arrangements

Normal-forceandside-forcecharacteristicsfora bodyof
revolutionat combinedanglesofattackandsideslip,
illustratingeqmtionsofappendixB
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APPENDIXB

FORCESONA BODYOFREVOLUTIONCATCCMBINED

ANGLESOFATTACKANDSIDESLIP

Intherectangularcoordinatesystemof sketch(a)thepointF
representsthenoseofa bodyofrevolutionatanangleof attacka

by &s

\

/
0

x’

Sketch(a)

andanangleof sideslip~. Theangle 7
binedanglesandlimitedby thebodyF(Iand
expressedas

win.i\\x,R

Sketch(b)

resultingfromthesecom-
theX’ (wind)axiscanbe

7= Cos-1Cosa Cosp (1)

Curvesof thisequationareshowninfigure23(a).

Theresultantforce(RFinsketch(b))imposedon thebodyatangle
of incidence7 by theairstresmcanbe resolvedIntotwocomponents,
NT (normalforce)andSF (sideforce).Uponsolvingforthesetwocompo-
nentsthenormalforceisfoundtobe

*
—

.

.
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NF=RFcoB~sina
sin7

andthesideforceis

sF.~-
sin7

(2)

(3)

If thevariationofforceon thebodyislinesrwithchangingangle,
then

U=may h
and

(NF)B>O=97C9S B sirlCL= sin7
(4)

Fora moreKeneralformof theequation,theratioof thenormalforce
fora body~ith ~ >0° to that-for
coefficientform

or

andthecorresponding

a ~odywith ~ = 0° becomesin

cosj3sinu
sin7

tcN)p_o u sin7

ratioforthesideforce

7

becomes

(5) ,

(6)

.
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Theratiosofequations(5)and(6)areplottedinfigures23(b)and
(c),respectively,whichshowthatthenormalforcefora constantu
decreaseswithincreasing~ andthesideforcefora constantp
increaseswithincreasinga.

Thenonlinearforcecurve,morecharacteristicofa bodyofrevo-
lutionthanthepreviouslyassmd linearforcevariation,isshownin
figure23(d).Thiscurvewasccnnputedfromtheresultsof reference2
fora bodyofrevolutionwithanogivalnoseandanafterbodywitha
finenessratioof8 fora Machnumberof4. Notethetwo-andthree-
foldincreaseofsomeofthecurvesinfigures23(e)and(f)over
correspondingcurvesinfigures23(b)and(c),dueentirelytoincor-
poratingvaluesfromthenonlinearbodyforcecurvewithequations(5)
and(6)toformthenewequations

(cN)B~ (cR)p~COS p sina

(CN)P=O= (CN)P=O (7)sin7

and

where CR istheresultantforcecoefficientat angle 7.

(8)

Theprecedingequationsandfigure23explainanddemonstratethe
increasesinnormalforceandsideforcethatoccurwhenanglesofattack
andsidesliparecombinedfora bodyofrevolution.Theincreasescanbe
significant,dependingonthemagnitudeof thecombinedangles.
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TABLEI.-GEOMETRICCHARACTERISTICSOl?THEMODELS
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FYontalarea,sq in. . . . .
Noselength,in. . . . . . .
Noseradiusof curvature,in.

wing:
Span,in. . . . . . . . . .
Chord,in. . . . . . . . .
Area,sq ino . . . . . . .
Aspectratio. . . . . . . .
Taperratio . . . . . . . .
Maximumthickness,in. . .
Leading-edgeswee~back,deg
Dihedral. . . . . . . . . .

Trapezoidaltail(oneonly):
Span(exposed),in. . . . .
Rootchord,in. . . . . . .
Tipchord,in. . . . . . .
Area(exposed),sq in. . .
Aspectratio(exposed). . .
Taperratio . . . . . . . .
Maximumthickness,in. . .
Leading-edgesweepback,deg

Triangulartail(oneonly):
Spsm(exposed),in. . . . .
Rootchord(exposed),in. .
Area(exposed),sq in. . .
Aspectratio(exposed). . .
Taperratio . . . . . . . .
Maximumthickness,in. . .
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(dCmfQUI=tim B
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-.0083
●1051
,2298
*4149
.6684
●9653

1.2550
1.5836
hm9

‘.W42
.1092
.23S9
,4174
,“6693
,9572

1.26s3
1.57Q2
1*7741

-.0084
.1X34
.2426
,4289
.6776
.9643

1.2715
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.25o9
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h5w9
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.4971
,6194
.6528
.7134
,7650
.8127
.8129

-.0071
,2604
,4660
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.6759
.7406
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TABLE11.- EXPER2MENTALRESULTE- CooMnued

(c) cdiguratkm W.L.Jtrap

3
3
)
?
D
D
D
D
D

1.
1
1
1
1
1
1
1
1

2.
2
2
2
2
2
2
2
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#
3
n
3
3
3
3
3
s

k
4
4
4
4
4
4
4
4

5
s
5
5
5
5
5
5
5

0
2
4
6

J
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14
23

0
2
4
b

J
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0
2
4
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1:
12
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0
2
4
6

1:
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0
2
4
6

1:
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0
2
4
b

1:
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#

.1s35

.4626

.7359
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.9211

.9061

.9992
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.1721
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.74s0
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,9742

.32a7

.5846

.7954
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-. 2S66
-* 2977
-.2919
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-.30S2
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-,4s79
-a4285
-.43s9
-. 44s2
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-*4545
-.4537
-, 472s
-s4764

-. S913
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-* 5952
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-.6210
-.6222
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-.6416
-,6402
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-,7060
-.7917
-,8026
-.s070
-.8146
-. 621s

a

o
0
0
0
0

1

:
1
1

2
2
2
2
2

s
3
3
3
3

4
4
4
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4

5
5

;
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0
2
4
6
8

0
2
4
6
1

0
2
4
6
8

.0
2
4
6
8

0
2
4
6
8

0
2
4
b
s

—

,.0679
.7709
..6311
!.47s1
1,4647

..06S2
.7694
106132
!,4731
I*455B

..0612
.m8

LA202
ZS4767
#.4577

-.0s54
,7777

1*6265
2.4699
n.4697

-.0419
. ?695

186345
2,4922
3.4761

-.0667
.7901

1.6457
2.5336
3.4922

.1644
~3ns
*5396
86ss4
c7681

.20s2
*9971
●549*
.6750
.7s50

,2353
a4372
.5903
.7150
●8469

.3784
a47S2
.6373
.7630
.8899

.3326

.52a7
a6890
*8195
e9675

.3834

.60S4
*7s14
. a945

1,02s9

$7
$9
49
49

47
46
49
w

47
48
49
49

U
46
49
49

43
49
49
49

43
46
4s
49

-.0269
-.0234
-*W66
-,0064

,0084

-.2280
-, 1042
-.0920
-.0854
-#0692

-* 21*2
-. 2s80
-.1691
-* 3622
-s 3434

-.3126
-*2696
-.2422
-*2373
-.2052

-.4057
-. 2S27
-, 3035
-,2616
-.2619

-,5004
-.4321
-s 26s1
-a 3306
-.3202

..0034
.0004
..0131
-60073
..0207

..1391

., 1290
-61364
.,1336
-,1500

-,2771
-.2543
-.2723
-*2662
-.2955

-*4180
-.4031
-. 404s
-.3992
-. 417s

-.5701
-*5461
-a54Y#
-.5375
-,5592

-.73M
-, 706a
-. 69?6
-.695a
‘67061

S0500
.0920
*1443
.2025
a2691

.3055

.295J

.3759
922s2
*3593

●5192
.50s3
643s9
a4201
.4235

8026.4
.6962
,3958
.5223
S4601

1.U90
1.3s29
.923S
●76X
,6172

.
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0

:
6

1:
12

;:

o

:
b

1:
12
14
15

0
2

:
8

10
12
14
23

0

:
b

z:
22
14
25

0

:
b

1:
12
14
15

4016s
.1344
.2557
.4461
.6959
a9329
,*=7
*b2z4
●lam

.0236
●U$I
.zb!Jo
.4461
.6930
b9364
.2894
.6239
.7833

.0271
●MM
,2697
●4X99
*7049
.9931
,.2938
e6142
,97919

60290
,1466
.2836
.472S
67231
..0035
.,2959
..6168
,,7987

.0196
*14s8
.2950
,49s3
.7s64
1.017s
!*S052
1*6122
1.8003

..1761
.1s60
.3943
.5s77
,5491
●54s0
,6000
●6328
●654S

-.1645
.1s5s
.3*29
.5s57
.s49s
.5464
.6075
-.44s1
.6491

-. 18*2
:;:;;

.4959

.5128

.s273

.6200

.6253

.6S29

-.2170
.ob91
*3053
.4247
.4559
.4806
.3385
.5851
.5872

-.2464
.0173
.22s5
.3341
.37s2
.4120
●4742
.5224
.5228

.
w

:;
45
47
47

::

4s
S9
41
45

z
48
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:?)
42
45
47

::
48

4;
42
44
46
47
48
48
49

50
45

E
46
48
49
49

,001s
~.009b
,.0027
d042
‘.0029
●0044
,.0022
.0012
,.0034

.0979
●09Z7
,0922
.0925
,0928
.10s0
.1013
.11s8
.104s

.1944

.1932

.1925
●2937
.t971
.Z073
●2196
.2236
.2217

,2910
*Z9S8
,2950
.2957
.3015
.s105
.3291
.3353
.3351

.3374
p3906
.a908
.3922
.1966
.4141
●4B14
.4423
.4442

-.0023
.Wol

●00s0
-, 004s
-s0233
-,0360
-00362
-,0144

-.1491
-* 1W3
-* I91O
-. mz
-b 1?45
-,1959
-.2107
-02350
-* 2323

-.3966
-02978
-* S101
-.3930
-.3619
-.3963
-* 4354
-*4534
-.4647

-.4s01
-*4*07
-c4799
-,5105
- ●3478
-*3932
-.6420
-* 66Z2
-.6957

-96072
-. 6ZZ7
-.6511
-86974
-,7399
-a7929
-s3302
-u9072
-#9Z43

—

—

t-.os3a
i 5408

1.6725
Z.H79
3.5s22

-*016Z
.5403

1.6457
2.5493
%32*5

*0022
●8237

1*6576
2,6437
S*5M1

.0001

.6233
1●6471
E.5550
3.5181

-80267
.8115

1.6421
2.3414
3.4994

-.0411
.8W0

1.b366
2.5225
3.W06

-*1787
.0364
●1723
.3162
b42*9

-.1624
.022s
●17a6
.309s
●4339

-*1948
-,0003
.14aa
.Z907
. M3*

-.2144
-60272
*1432
.2769
.3663

-*2721
-* 0543
*1114
●2433
.s15

-.3111
-60574

. on4
●1976
.3209

—

51
30
no
50

.
51
50
50
so

51
50
so
30

52
M
so
50

52
51
%1
M

M
51
S1
51

,0154
*0112
.0057
.0071
.0209

●09s7
, aozb
●2224
.3243
*U5Z

*203s
. Zz71
.3361
. 27G?
.3092

.3070
●5417
#3620
*428s
*4634

b4249
●468S
9W36
.3460
.6219

.5227
b5574
.6272
07000
.?210

-*0041
-.0066
-*O1O1
-,0395
-#em

-e142s
-eMU
-01759
-*201*
-*ZZSS

-.2659
-a3131
-.3374
-,3804
-,4261

-.4346
-* 4645
-*5115
-. S74S
-06Z66

-*5844
-.6100
‘96@M
-.7610
%3424

-b7w5
-*8112
-.8641
-,9s13
,1.0343

●1577
.2oo7
am
*SU7
S4M4

●4231
●M
.*I
●6zM
,92s3

*2379
●mu
●092Z
●24U
●52M

●9505
.22ss
s4s27
ti7z2#
s0S24

.6904
09925
.2204
9WI

.

.

●

✎
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TABLEIL - EE?EIUMEWMLRXSULTE- Con3im2ed

B, a,
ag &g % cm ;J c1 q%

—
o
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1

2,
2
2

:
2
2
3.
2

3
3
s
3
s
s
3
s
3

4
4

:
4
4
4
4
4

—

—
o
2

:

1:
12
i4
M

o
2

:

1:
12
14
15

0
2
4
b
8

10
12
14
1s

o

:
6

1$
12
14
23

0

:
6

1:
17.
14
35

—

dm
.2396
; y70u8

S9711
1.2797
1.5982
1.7706

.1091

.Z297
●4173
.6699
.94+4

1.2769
1.s975
knoz

-.m44
.1328
.2333
84241
*6775
●9455

1,2207
1*5%7
1.7760

-.W90
,1161
,2439
.4394
.6930
99843

1.28s3
1.6049
1.7792

-.0133
●1233
b3b41
.4433
.7213

1.0051
la3013
1*U24
1,8027

)
)
>
)
>

1
L
1
1
1

2
2
2
2
2

3
3
3
s
3

4
4
4
4
4

—

o
2
4
b
8

0
2
4
6
8

0
z
4
6
8

0
2
4
6
a

:
4
b
8

., 043s
●0352

L*b5s3
2.3500
9.334s

-,0343
63241

1.6725
2.3s16
3.H14

-.0508
. 32s1

1.b30s
2*HU
3*593a

-.0470

1:s
2.3703
3.s734

-.0393

l:E
2*W1
3.s743

●Ooob
91871
●3225
94400
●542Z

.0069

.2001

.3347

.4950

.5521

,0.239,
c21b~
w95?0
●4637
●shgb

40282
●2zla
●3636
.4735
s5629

●0530
●2320
.2414

i
● 694
● 649

0118
!0144
,Wm
,W41
!0232

,W43
,0190
,0424
,0301
I0+09

,mob
,0502
,09ss
13222
)H

mW73
,0339
DM,23
920M
@3560

.02M
●2237
*3226
●2872
●W

-A+-
Swzl

-.0072
.Wm

%0223

-* Zk2
-022C7
-02402
-*2422
-*Z343

-64653
-b44i9
-*4n4
.*4993
%sszz

-. 6W3
-*704S
+niv
-07w
%8034

-a9sm
-a9474
-9443
.1. WI*
.1*OW

t
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TABLE11.- EXPEFUMENTALIU2ULTfl - Conthnmd

B, a, CNeg dag cm ;I c1 %pn

(U cotiguranon B(FI)&p
—

,0373
}4132
,85M
,0741

I0332
,4175
k8S23
I0779

,0291
,4158
b8784
,0.949

)0292
t4152
,6659
,0890

,0252
,4123
,8712
t1072

10233
,41a7
18808
h1214

.1243
-1.15a7
-2.4s7s
-3.0386

.1268
-1.1664
-2.4407
-S,0688

●lla9
‘1.1674
-2,4661
‘3,0926

.0965
-1.1729
-2.4761
-1.0706

.0831
1.1800
t.4421
1,0668

.0777
1.1574
1.4321
5.0597

,012s
,0102
,0190
,0221

,0122
,0060
,0109
,01s7

,0151
,0052
,0063
,0076

10116
,0061
,0030
,ooaz

,Olsl
,0055
,00s3
,0005

,0110
,W57
1M05
,0036

#0027
.,0046
..0134
..0120

-,0536
-.0654
..0773
.,0862

%1134
..1247
%1490
., 1639

.. 1854

.. 1923
:,2249
..2442

u.2572
..2733
..3115
.,s397

..3491

..2641

.auu
%4297

o
2
4

6

:
4

6

0
2
4

6

0
2
4

6

0
2
4

6

0
2
4

6

—

10230
,0209
,0999

2632

SW04
,0240
mow

2300

0503
,0224
,1111

2s2o

80753
0s34
1152

$*19

I0793
,0437
!1305

,2359

,0734
,0602
,2330

12289

sown
,.8000
,.9032

1.0196

@1072
,,8831
..mzl

I,O1O5

,1067
,,8*B8
,.2906

h9674

.1326
..2877
..8956

!99728

m1291
.*8391
..8549

!c9292

, 1S62
.*8274
.,6423

!085i9

—

39
39

19

w
5*

39

58
59

69

35
39

39

66
39

w

38
39

59

0175
,Olm
,0001

,0040

,0116
,0079
,0072

,C410

,0094
)C-225
,007s

,002s

,0071
,0070
,0085

,0098

,W04
,0126
,01s7

,0109

,0071
I0219
10237

10061

..0012

.,0026

.,0058

..0123

,,050?
..0641
..064s

..063S

.0107s

.Olow

.elZ27

..130s

..1662

..17U

..1524

,.2962

.s22ss
-.24s1
.*z*za

.427ss

..3201

.*2223

.s3530

..3722

●

✎

.
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TABLE IL- -ERIMEWML RESULTS- Cmdlmad

.

O) Cmf@waHon BW@V~q
1

0 0 -*07S1 .9374 - .0047
0

-.0059 0 0 -*0844 ●z237 - -.0152 -00012
a ●3636 -.9409 7s .0107

0
.0102 0

4
2 ●9932 -.*913 37

#S247 -2.2586 74
-C0443 ●oo*o

,0225 -a 0062 0 4 2.1027 -lo78ib 5s -.mll
o 5

-.0044
160393 -2.8652 74 ●0277 -,0122

0 6 S*21M -2,850S 39 ●W26 -40074

-.0761 .3343 - -.0941 -. 1U3
i :

-60-9
.3621

.3006 - -GZ2n
-.93s3 73 : : ●989+

-03390
-.0783 -a 1s85 -.6370 F?

.2ZT9 -2.2S7$ 74
-.0824

1 4
-s 1256

-.0779
1 5

-.M06 1 4 2.0772 -1.7411 M
1,0534 -2.8624 74 -.0643 -, 1434

-00701 -.1359

L b *.2142 -2.5490 69 -. D*77 -. Zh6

2 0 -.0734 .3365 - -.laoz -.2075 2 i -. O* ●3226 - -a 20S7
2 2

-*2732
.3635 -.9169 73 -* 174s

2
-62322 ●W33 -0●529 -*2n2

,8335 -2.2546 74
-* 2553

-. X729
2

-6*a
:

: : 2.0924 -107256 2 -* 25U6
1.0s01 -2.9036 74

-* 2631
-.1676 -Omoo

2 6“ S*2203 -2.5301 39 -92300 -*253$

3’ 0 -::67: .3592 - -.2764
Y

-a43k9
2

s -.080s ●%7 - -.2942
-.9080 72

-04222
-,2645 -.43s0

4
a ; 1.0022 -0644J 57 -02s72

●8384 -2.2236 13
-* 3993

?
-.268S -,4523

5
s 4

1.0733 ‘2.8439 73
2*1037 -1.7014 56 -.2272 -.3960

-.2623 -.4567
s 6 3.2319 -2.79I8 39 -* 1258 -. *

o ‘.0630 ●3733 - -.3652 -*539t
: 2

4
●3253

-,0720 a3a53 - -. 3W’2 -*5624
-.8s24 70 -.3S60 -.5563

4 4
4 : 1*0200 -. m 36 -03265

●SL22 -2 .2X*7 73
-.54Z

-.33W
4 5

-. blzs 4 4 292264 -1.6699 55
1.0273 -2.2227 73

-.2230 -05382
-.3592 -.5291

4 6 3*21a5 -2.7209 m -* 2552 -.s356

5 0 -.0542 .3974 - -.4599 -.7599
s

5 0 -60552 ,4245 - -.4753 -4729s
●3921 -.8521 69 -.4515

5
- ●7622

:
2

.3734 -2.1616 72
1.0479 -c5756 36

-04509 :
-.40+1 -a7642

5
- ●722d

5
4 2.1469 -1.5926 55

10111s ‘2.*67 72
-. %60

-.4496
~ 6995

-,8015
5 6 3.2251 -2*5201 36 .Z2A3 ~6939

.
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TABLE Il. - EXPERIMENTALRESULTS- Continued

(d Cmfmu’ztionB(HVJWD
—
o
0
0
0

1
1
1
1

2
2
2
2

1
I
3
s

4
4

:

5

:
5

— —

,.0164
,4396
.8780
.1200

0oli9
●44s5
, 331s
.1140

.*67

.4440
●3331
a1256

.0132
,4456
e8927
.1294

,.0193
.4310
.5946
,,1s48

Be0296
e4395
.3918
,.1400

-.0313
‘1*SW4
,2.6240
.3.2666

-.0595
1.36S2
2.6270
,3,2725

-.0559
1.37*1
.2.6561
,3.3063

-.0529
1.4024
,2.6743
,3.127$

-*1223
,1.4469
,2.7046
9.s050

-.1442
.1.4s38
.3.7168
,3.3M3

i
76
76

.

z
76

G
?6
76

7;
76
76

73
n
76

79
n
76

—

.0146

.0147

.0205

.0214

.1133

.1128

.1076

.1054

.2156

.zon

.19a3

.1955

.3120

.5064

.2973
,2873

.4094

.4067

.3047

.9863

.5064

.5034

.46is

.47W

-.0032
-.0017
-.0323
-.0166

-9149a
-. 15s5
-.$629
-01637

-*2999
-* S034
-. S257
-03430

-.4524
-.4639
-*4969
-,5155

-. 6n4
-.6336
-*6674
-.69S0

-*7342
-*0120
-.5352
-,3946

— —

,0390
.0750
*1700

●3090

.0286

.0757
●1729

●3047

.0Y14

.0730

.1706

●2W4

.0421

.0532
●1*22

●W

.0520

.0524

.lSt6

●2774

.0671
60560
●1323

.2SU

‘60676
1,2259
2*m23

S*2659

-80909
1.llW
2.1636

3826w

-.1127
1*1313
2,20s0

3*2721

-.1%2
1.1s20
2.2411

3.3011

-OUW4
1.W29
2s25S2

3s2965

-* 170s
1,1993
2.2624

3.2406

bo
bo

00

60
60

60

bo
60

60

60
60

60

61
60

60

61
60

60

—

,0093
,0033
b0057

,0232

,1001
b2w6
)2335

b2665

,2026
12456
I2559

,3213

,3263
,3633
,-

,M94

I4218
,M66
I5107

I5300

)3215
bW50
bmo7

b699t

-,0057
‘. 0029
-*OW2

-60150

-.1466
-OH
-01730

- s1+54

-62675
-, 310$
-, 3Y29

-.3707

-.4954
-04607
-.s111

-.56s2

-*5BL7
-06s34
-s6801

-. 7s59

-c7526
-.8023
-a86u

-0942s

4

.

r

.

.
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. TABLE 11.- EXPERMENTAL RESULTS- Continued

1% . a,
deg deg %4 % 21 ~ +%

—
o
0
0
0

1
1
1
1

2

:
2

3
3
s
9

4

4
4

s
e
5
5

—
o
2
4
s

o
2
4
5

0
2
4
5

;
4
5

0

4
5

0
2
4
5

—

(o) Ccd~ B(HVUVZ+I

.0416
●4007
.6358
.Obaa

,.0461
.4061
,8356
.*666*

,. 0469
. 406s
●5406
.*07s4

,.0477
.4128
.s455
..0855

,*0487
409e

●866s
1.0976

.*0564
●4240
●8637
1.1122

.1s99
L*XS63
2.4X64
3.0s57

.14s1
1.152s
2.3952
%027b

.1588
1.1470
2.4134
3.04a5

.1585
1.1650
2.415S
3.05s1

.2573
1 1s36
2.4191
3.050s

●1941
1.1s30
2.S843
3.0420

—

75
75
75

75
75
75

G
75
75

n-
75
7s

75
?4

;
74
74

.0109

.0159

.0101

.0169

.0145
●0199
.0116
.0201

●0232
.0254
.0115
.0157

.02S3

.0290

.01s6

.0162

.0299
0s54

.0159
●0159

.0124
,0209
.0192
.0177.

-. oo&
-.0003
-.0293
-.0091

-.4721
-* 4608
-* 4661
-s 4791

-.7057
-.6967
-s717s
-,7295

-a 9418
- 9430
-*9568
-.9770

(PICWMLUWOUBW@’VuVI)q
— —

o
2
4

6

0
2
4

6

:
4

b

;
4

6

0

:

b

:
4

b

,06s2
h0500
,~05

;2690

,96S1
,0565
,2656

t2716

,05+1
,05ss
.1606

,2744

.0596
00462
s1626

,2s06

,0613
.0527
,1554

●SZw

●067s
,ob14
*2S49

bzeoz

.0960
-.9429
2,01%

).22*

.1054
-,9296
2.0114

S,X2S6

.1190
-.9262
2.0s36

9,1691

.Zz6;
-.9299
2.0s63

5.1Z14

●19s9
-.9407
2,0Z52

300ss6

*1449
-. 9s45
1.9665

2.-7

—
.

59
59

69
.

59
69

59

39
69

5*
.

59
69

59

69
69

5*

!:

59

,0072
,0019
,01s9

,02s1

lm5z
,041s
,0655

,0924

,006s
,07s1
,22*7

)262s

,0170
I107-
11681

b240S

,2496
16s01

B306s

,0s73
,2600
,2790

s2447

..004s

..0025

.,0105

..010s

..220s

..ZZS6

..2426

.,2kZ4

-*4567
-,4578
-. 46W

-, 506+

-, ●668
-,6961
-*7269

-*74Ya

-.9Z48
-69s7s
-.97S6

-.9926

1.1*6Z
101645
1*Z160

1.2261
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TABLE ~. - EXPERIMENTALRESULTS- Cont2nued

NACARM L58E26

.

.

—

—

—

—

●1233
.4216
,6?55
.8s99
●8620
.9906
●9498
.96+0
.951s

.1394
●4531
.0340
.2467
.8792
.9059
●9S68
.9492
.9335

.1713

.+5s1

.6926

.e60Q

.8621

.6591

.8626

.6,646
●8541

●2M4
.4816
.7047
.8364
.8425
.8109
.7859
●79*9
.7947

.2890

.52*3

.7261

.82!21
,8990
.8002
●7b99
, 7s47
.76oo

.9b64

.5U91

.7478

.82W

.8367

.8008

.7850
*7864
.7741

—
.
-

24

::
4s
45
46
47
.
.

2s
33
40
49
49
46
47
.
.

24
35
40
44
46

::

24

:;
44
4b
47
4s

2i
3s
41
45
46
47
46

.
25
36
42

::
47
40
—

.Wel

.0017

.0043
, O04b
.0109
.0099
,0093
.0180
.0036

-.11s1
-,1040
1.,0972
-.0040
-.0698
-.0428
-.W77
.0272
.0410

‘.2347
-.2118
-;1957
-.1740
‘. 1466
-.1136
-.0700
‘.0261
-aOZb2

-.2a30
-,2961
-,2337
-.20s6
‘.1763
-.1466
-.1068
-.0671
-.0b14

,0057
.0029
,0072
.0043

-,0075
-.0143
-.0223
-.0310
-.0384

-.1274
-02251
-02234
-* 1153
-.1144
-.1122
-* 1045
-, 107*
-, 1054

‘.2656
‘02619
-*2541
-.2480
-.2396
-,2246
-* 1999
-02056
-*2010

-.4104
-.4016
-.3993
-.3919
-03758
-.3542
-.3910
-.3297
-.ss27

-.5543
-.5436
-.3447
-,5407
-.5107
-*3043
-64m
-a 4911
-04940

-.7374
-.6934
-.6925
-06924
-.6693
-,6436
-.6546
-.6679

(r) CotiiguratlcmBW#QGI

o
0
0
0
0

1
1
I
1
1

:
2
2
2

3

:
3
3

4
4
4
4
4

5
5
5
5
5

—

o

:

:

0

:
b
a

o
2
4
b
8

“:
4
6
8

:
4
6
8

0
2
4
6
a

-* 0758
.7679

1.6453
2.5128
3,4908

-.0759
b7719

LebSb9
2,4539
3*4474

-.0744
b7719

1.b339
2,4967
S.4309

-,0712
,7778

1,6324
2,4990
9.4373

-.0664
s7858

1,6147
2,4347
3.4560

-.0893
.7662

146s16
2.5o3O
3,4316

,1399
.3460
.5057
●6349
.7527

,1521
a3566

.4441

.7bbl

.1713
●3876
.5553
. b753
, sow

s2007
.4152
.6010
*7288
.8570

.2396
a476S
●6454
.7863
,9542

.3193

.5509

.7287

.0610
1,0162

w
49
w
90

47

+9
*9

.
47
49
49
49

47
43
w
49

.
46
42
49
49

.
45
45
45
49

-, 024S
-,0167
-,015b
-.0031
-* N54

-c0692
-.0618
-.0595
-.0553
-.0558

-.2255
-. UOb
-, 1126
-.0969
-,1054

-, 2584
-, 1629
-, 2590
-* a392
-, n79

-,2370
-* Imx
-, 1391
-.2735
-* 1707

..2315
-.3427
-.2222
-, 1916
-, 1941

.0049
,0001

-.0027
-.00s7.
‘60233

‘. 1229
-.1177
-.1100
-.1319
-01344

‘*2501
-.3396
-.2412
-.248o
-.2594

-*3365
-. S729
‘. 349b
-* 3706
-* 3051

‘05244
‘.5082
-*5003
-.5086
-*5125

-t b749
‘.6524
-. bS39
-.b425
-,6474

.

.

.

.
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TABLEZI.- EXPERIMENML RESULTS- Con2brIed

i% a,
kg &g ‘% % ;j c1 % %

(s) CmuquraumB(vJ~

0
2
4
6

1:
12
14
15

0
2
4
6
8

10
12
14
33

0
2
4
6

1:
12
14
15

:
4
6

1:
12
14
Is

:
4
6

1:
12

#

o
2
4
6

1:
12
14
25

.0251

.1497

.2726

. 4S24

.7103
L.0039
L.3072
1.6471
1,s307

.0256

.1440

.2731

.4572

..7116
1.0015
1*3092
1.6409
1.a315

.0241
a150b
●2761
●4627
.7221

1.01ss
1.3165
1.6441
1.0291

.0332

.1594

.2930

.4675
●7383

1.03U
1.3233
1,6520
108335

.0361

.X699

.3157

.5098

.7643
1.0499
1.3350
1.6562
1’8329

.0413

.1625
●3403
,5408
●7883

1.0722
1,3553
1*6666
1.8433

-.1595
.1551
.3%6
.531$
.5303
.5263
.5206
.5272
.5394

-.14s5
.L513
.3956
.s30$
.5307
.5272
.5509

‘.5634
.5437

-.1547
.~328
.3751
.5008
.5114
.5182
.5513
.5641
.5357

-.1818
.0874
.3175
.4452
.4568
.4863
.5246
.5396
.5030

-.2308
.0251
.2349
.3468
.3940
.4397
.4523
.5231
.4795

-.2821
-.0544

●1433
.25S0
.3199
.3683
.4218
.4S64
.4108

.
42
39
42
45
47
48
49
49

43

::
45
47
41
48
49

.
44
40
42
45
47
4a
48
4“9

47
42

2
47
48

::

50

::

z
48
49
49

04
48
47
48
48
49
49
49

.0006
..W54
,.0048
..2Q94
..0078
‘.0046
,.0087
..0077
..0073

.0594

.0566

.0558

.0530

.0539

.0S81

.0571
,0592
.0640

.2293

.1216
●1229
.1179
.1210
.1234
.1306
*1333
.1322

.17$3

.1873
●1893
.1858
.1879
,1$07
●197$
.2064
.2099

.2372

.2503
;2535
.2520
.2324
.2597
.2653
.2807
.2822

.2894

.3067

.3127

.3157

.3166

.3309
63422
.3583
,360$

-.0029
.0030

-.0028
.0105
,0016

-,W43
-.WIS
.W31

-..W43

-, 1372
-.1351
-01357
-.1397
‘. 1601
-.1772
-* 1914
-.1934
-*2107

-.2773
‘42921
-.2566
-.2979
-. 3s07
-.3540
-.3894
-.4075
-,4153

-.4218
-.4310
-, MM
-.4723
-.5056
-,5473
‘a 5782
-. 61?3
-.6457

-. 57U
-.5923
-.6128
-.6365
-.6849
-.7327
-s7618
-.8304
-, 846~

-.7307
-.7369
-.7069
-.83+4
-.H70
-.9429
-.9971
,1.0546
.l.07W

W COnfkiumKcmBW~VZ)M

0

:
6
0

0
2
4
6
#

o
2

:
8

0
‘2
4

:

:
4
6
8

0
2
4
6
8

-.0297
. 84W

L*6833
2.5312
3.5367

.Olzo

.5326
1.6793
2,5321
3.5205

.0123

.8522
1.6733
2.53W
3.5250

●WOO
.5502

1.6743
2.%68
3.5269

.0222

.8%0
1.6789
2.5416
3.5265

*0176
.6451

L.6bn
2.5583
5.5254

-.1526
,0593
,1950
*8219
.4117

-, 1397
.0585
.2053
.3236
.4166

-.1599
.0527
.2073
.3221
●4222

-61852
,0305
,1964
.3240
●4150

-.2313
-.0093
.2596
626$1
.3n3

-.2557
-.0505

: ‘R
.3192

151
50
50
Bo

51
50
50
so

51
50
50
50

51
50
50
50

51
51
50
50

52
51
51
51

,01$3
.0195
.W50
,W98
*0177

00418
.0s00
,0734
,0825
●0956

.1059
,2218
.1494
.2689
●1896

, 17Z2
.1937
,2324
.2615
.3500

. 22W
*2715
●Silo
.3444
,3615

.2396
●=?5
.3928
,42$9
.4321

-.0004
-.0056
-.0118
-.0192
-.0267

-. 1“332
-.1425
-. L995
-.1704
-.1988

-.2622
-.2790
-,3147
-a3482
-.3877

-e3984
‘. 4291
-.477$
-.5231
.*5846

-.5350
-.5832
-.0333
‘.6960
-.7734

-.6337
-.736$
‘.8049
-, 0702
-.9570

,-

.
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TABLE21.- EXP3HUMENTALRR9ULTS -Contiued

(uI C@iguzellon B(VUV1)M
—

-.W64
.1124
●2s64
,4249
.6858
. *717

1*2769
1.6197
1.8109

-.0251
,1121
.2637
.4543
●7107

1.0062
1.3269
L,6596
1.8404

-.0295
.1190
.2641
.4665
.7325

1.0327
109587
1.6612
L.e450

-.0290
.1253
.2018
,4592
.7490

1,0447
L.35o7
1,6671
1.8471

-.0180
.2670
.5062
●5479
.465s
,6962
.6908
.6132
.6440

-.0100
.2935
.5.156
.6559
.6642
,6754
.6776
S6573
,6202

.02U0
●soa2
●5zb3
●W
.6468
.6939
.5924
.6927
.5537

.051s

.3066

.5049

.6219
,6209
●5709
.5226
.510>
.4727

.0782

.2973

.4752

.5809

.5547

.5451

.4907

.4779

.4329

.1OW

.2805

.4459

.5451

.5623

.5160

.4794

.4585

.4s56

—

32

::
4s
45
47
48
4$

29
3s

::

?7
48
46

.
28
#s
S9
44

::
ha
49

R

40
44
47
48
49
49

:;
41
43
47
48
49
49
-

33
38
42

::
48
49
49

,.m14
.0157
.0229
.0s28
,0491
.0731
*1135
.13S6
●1658

,.0007
.0246
.0385
.0531
.0722
.10s5
.1524
.199+
.2137

,m15
.0s51
i0552
.076s
.0972
.1361
●1888
.24o1
.2518

●w49
,0464
●0764
.1016
,1293
.1736
.2224
,2743
.2879

.0103
,0132
,0177

-. 00D6
.0030

-.0037
-.0136
-.0160

-.2074
-.1995
-* 1-
-. mm
-~ 1611
-, 2630
-.1702
-61655
-41900

-44266
-.4163
-.4066
-.3921
-, 3=
-.9630
-* S535
-* 3463
- ●3s23

-, 6524
-.6403
-.6240
-.4219
-.5940
-,5736
-.55s4
-.6626
-.5786

-.8718
-.6662
-.0922
-.6508
-.8166
-,8061
-.8037
-* 8146
-.6315

-1.0971
-1.0994
-100652
-1.0724
-1.0443
-1.0517
-1.0570
-1.0790
-1, 1020

0
2
4
6
a

o
2
4
b
a

o

:
b
a

o

:
b
8

0
2
4

:

*05Q6
a8042
,6431
,5179
,5667

●04ia
*6207
ati3s
.5349
.6315

.0419
d6232
e#65
*5347
.5204

.0422
●5231
●6718
.5476
65322

.0344
●5224
e6746
.5533
.5569

,0063
.1815
,3233
d434.9
&5222

.0165

. L9.36

.3343

.4512

.5451

.027a

.2197
b3641
.4624
.5670

,0426
,2279
.3760
.4861
.5825

.0405

.2326

.37;3

.4830

.5946

-

49
30
50
50

m
50
30
50

49
50
50
50

*9
49
50.
30

w
w
BO
50

●0159 -* 0041
.0121 .0017
.0071 .0001
60097 ,0016
,0037 -.0192

: O#J -.2014
-.1962

.0160 -.2036
,02s1 ::d~o~
cm

.0023

.0232
b0492
90704
*0963

90036
,0459
.0655
●3213
. 153a

.0117

.W15
●3249
*1709
c2105

-.4091
-.4060
-a4231
‘,4299
-.4726

-,6203
‘,620S
-s4452
-.6677
-.71s7

‘,6261
-.ss91
-.6391
-66961
-.9494

A

..
.

.

.
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TABLE II.- EXPERIMENTALFJ2S7JL’H- COUthNA

.

(w) conUgu.r62ionBWJV~~p

*0006
.3306
.7267
1.2303
L.6294
!.0902
t.540b

.0078

.9672

.7s62
1.1886
1.6220
!.0759
!4553

.0099

.3691

.7247
1.1901
L.6171
!.0701
).5600

.0151

.3736

.7374
L.1928
L.6215
1.0462
!.5516

.0200

.3851

.7544
L.1902
L.6137
2.0543
2.5455

.0491

.3W7

.n49
L,2257
L.6355
2,0863
2,5306

.0816
-.3360
-.s922

-1.5565
-2.1104
-2.7146
-3.3370

.0935
-03767
-.8926

-1.4940
-2,0832
‘2.6801
-303348

.2222
-.3550
-.8499

-1.454a
-2.0456
-2.6402
‘3.2963

.1518
-.3231
-.80s9

-1.4116
-1.9979
‘2.5577
‘3.2242

.1675
-02s22
-.7562

-1.3514
-1.9138
-2.5130
‘3.1576

.2204
-.2252
-.7049

-1.3156
‘108634
-2.4758
-3.0656

60
62
62

&
62

60
61
62
62
62
62

59
61
62
62

::

59
60
61
62

::

57
60

:;
62
62

56
59
60
61
61
61

.0165

.0202

.0166

.0240

.0209

.0325

.0200

-.0796
-.0700
-.0719
-.0640
-.0663
-00574
-.0685

-.1715
-.1603
-.1613
-.154s
-.2320
-.1662
-.3319

-.2638
-.2523
-.2362
-.2451
-.2430
-.2387
-.2352

-.3535
-.3367
-.342o
-.3313
-.3255
-.31s7
-.3120

-.6475
-04296
-,,4359
-.4242
-.4177
-.4069
-.4038

●0056
-.0046

.0129

.0133
,0260
,0292
.0266

-* 1322
-.1346
-s 1160
-s 1127
-,1060
-.0922
-, 1001

-,2730
- ●2747
-,2526
-s2471
--33s5
-*3293
-,2290

-a4226
-.4231
-,40s7
-*3569
-.3809
-,37s1
-a 3752

-.53M
-.3697
-*5463
-, 53S2
-,5223
-85162
-c5i79

-.7503
-07373
-*7136
-.7050
-s6919
-,6827
‘, 6892

(x) Cd@u6ZZm BWr(Vn)M

o
0
0
0
0
0
0

1

i
1
1
1
1

2
a

;
2
2
2

:.
3
3
3
3
3

4
4
4
4
4
4
4

5

;
3
5
5
5

-,0797
●3246
.7400

1*1939
1.5329
2,0600
2*4795

.,0593
.3343
,7352

1.1973
1.5842
2.0605
2A996

-* 0540
.3671
●7412

1,2006
1.6207
2,0709
205027

-.0341
.3499
.7774

1s2096
1.054
2,0527
2.5297

-.0333
●3577
.n35

1.2298
1.6512
2.1041
2.3432

.0109

.3390

.7s34
1.2714
1.6772
2.1337
2.3625

*1713
-,364s
-.9271

-1.5260
-2,0720
-2.WW
-3.2713

.1462
‘.3576
-.9271

-1-5238
-2.0556
-2.6932
-3.29Z7

.1623
-03694
-,9161

-1.5201
-2.1136
-2,7009
-3.2S08

●167.1
-* 3357
-.9305

‘l@5096
-2.09S5
-2.6938
-3.2794

.2003
-.30a3
-.8757

-1.4793
-2a0797
-2.6837
-3.2639

.2524
-02182
-,8195

-1,4?54
-2*0425
-2,6613
-3.2396

-
60
u
62

:
62

60
u
62
u
62
62

60
u
62
u
63
63

60
61
62
u

z

59
61
61
62
62
62

::
61
61

x

,0040
,0104
.0106
t0203
.0123
, 02S9
.0206

,.2367
..0453
.,0401
.,0340
.,0354
..0293
..0332

., 1113

..0936

..091s

.,0820

..0124

.,0769

..0743

., 3669

.*H

.. 1392

.13319

., 2279

. . =19

.. 2394

..2343

..200s

.* Moo

.. 1728

.*2653

., 26ao
-.33W

.*3660

..3473

.02290

..2232

..2058

.●1975
=.1947

●0331
.0043
●0073
●OIM.
,0114
.005+

-.0003

-.nn
-.1160
-.3’138
-.1176
-.1109
-.10ss
-.1118

-,2305
-.24n
-,2394
‘. 2376
-.2351
-s2303
-03353

-,5946
-a39U
-.3s21
-.3690
-*3637
-.3389
-.3S06

-,54W
-.5235
-.51M
-.5047
-*4953
-.4$73
-.4767

-.6988
-s6800
-.6636
-.6570
-.6474
-.6273
-.6252
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TABLE II.- EXPERtMENTALRESULTS- ConUoued

—
.1260
.4240
,8021

1.2548
1.6585
2.1527
2.5s29

,1308
.4323
.0034

1.2600
1.6541
2.1369
2,5692

.0692

.4411
,aohl

1,2446
1.6760
2.1542
2.5636

,0668
.4421
.84S2

1.2730
1.6743
2.1409
2.$6q3

,06s7
, *29
,8365

L.2714
1.2406
2,1489
2.5755

,0579
,4306
.a2s2

1.3012
1.6517
2.1492
2.5828

-.3376
-.7293

‘1.2677
-1.8755
-2.4243
-3.052S
-3.60O6

-.3466
-.7458

-1.2782
-1.8809
‘2.4191
-2.9S37
-9.6300

--.2530
-.7751

-1.2933
-1.9117
‘2.4525
-3.0659
-3.6463

-.3030
-.8120

-1.3696
-1.9418
‘2.4S36
‘3.0821
-3.6696

-.3491
-.8307

-1.3893
-1.974
-2.4596
-3.1183
-3.7078

-.3890
-.872a

‘1.4240
-2.0604
-2.6936
-3.1570
-3.7554

—
.

66
65

::
63
63

.
66
65
64
64
63
63

.
66
65
64
64
63
63

67
65
64
64
63
63

-
67
65
64
64
63
63

6S
66

::
64
69

.0026

.00.31

.0032

.0080
,0082
.0239
.2432

.1099

.1115

.1153
●1194
.1109
.1185
.1116

,2122
.2202
.2224
.2254
.2099
,2138
,2271

.?183

.3340
,3408
●3378
a9146
*3157
. S461

.4276

.4368

.4367
●4443
.4068
.4116
,4624

.5264
~5372
.540s
.5571
.5057
.5000
.9836

-..0061
-.0059
-* O1O5

.0101
-.0004
-.0030

-01469
-a 1570
-, 1676
-.1820
-.1689
-.1763
-01968

-,2922
-,3076
-.3222
-.54s1
-.3449
-b 3407
‘, 3868

-* 4441
-.4689
-.4936
-.5147
‘05248
-*5584
-,3832

‘.6038
‘.6321
-64s39
-,6867
-s7048
-67363
-.7665

-,7628
-C8109
-.a450
-,aara
-89054
-09429
-99824

(z) Confi@ion BWr(VI)Wl

o
D
D
D
D
D
D

1
1
I
1
1
1
1

2
2
2
‘1
2
2
2

3
3
3
3
3
3
3

4
k
4
4
b
4
4

5
5
5
5
5
5
s

o

:
3
4
5
6

0
1
2

:
5
b

o
1
2

:
5
6

0

:
3
4
5
6

0
1
2
3

$
6

0
1
2

:
5
6

,0335
.3947
.7937
.2386
,.673a
.2200
‘%.3653

.0350

.3941

.7644
,.2362
,.4452
.1209
.5936

.0410

.4250

.8013
,.2586
,.6626
!.1235
:,59s0

.0416

.4371

.851

.242i
,.6716
!.1272
;,6044

.0444

.4S20

.6207
,.2733
.7017
!,1610
!.6209

.0578

.4472

.s-571
,.3077
,.7187
!.1930
!.4466

‘.635S
-1.19s6
.1.7739
-2.3894
-2.9466
.3.6542

-.1619
-. 442e

-1.1692
-1,7729
-2.3744
.2.9558
-3.5894

-.1874
-,6872

-1.2050
-L.7947
-2.3773
-2,%7o
-3.5931

-.2169
-.740e

-1.2897
-1.8222
.2,4008
-3.0016
-3.6235

-62632
-* 7848

-1.2852
-1.879S
-2.4535
-3.0879
-3,6678

-.32s4
-.8340

-10342O
-1.9664
-2.5278
-3.1712
-3.7169

46
44
63
63
63
63

65
64
63
63
6S
63

65
64
63
63
63
32

.
66
64
44
63
6S
63

67
65
64
44
63
63

,0027
,0019
,0061
,0131
,0195
,0307
.0292

m0572
,0645
90740
,0793
,0664
.0902
D0924

9U40
,1326
s2446
.1490
.3641
.1s99
, 1618

●2s70
.2024
.2184
,23s2
,2310
.2325
.2s22

●2498
,2460
.2753
.2s13
,2947
.2980
*2944

.3001
●2221
●3274
#24S6
e3S23
*3s97
b2S29

,0030

-.0001
,0058
.005s
.012s
.0098

-.1298
-.1414
-a1309
-, 1s90
-,1702
-.1714
-.1749

‘62703
-. 2a64
-.3035
-.3180
-63298
-.3509
-.3662

-,4155
-.4389
-*4415
-.4638
-.s079
-.5239
-.ss13

-a5603
-.S864
-.611S
-.4442
-.673*
-.7078
-67348

-.7211
-*7474
-.7014
-*U84
-.8608
-,8989
-,9s71

.+

.

.
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TABLE E - EXPERIMENTALRE21JLTS- Cofiirmed

.

(d Cmngluath Bwr(w-mmp

.

—

—

—

—

..0042
s3634
.n6S

1*2343
1.6483
?.1340
t.5n2

.. 0084
.3554
.7818

L02286
L.bS72
1.1383
2.5674

-.0131
.3794
.7312

1*2294
L.6265
2,1312
Z.5677

.0068
93944
.7825

1.2372
L.C290
2.0927
2.5668

.0092
●3960
.7925

1.2646
1*6549
2.10.02
2.5763

.Olln
●S8S8
.8049

1.2620
1.6624
2.1~7
2.5983

..0143
-.5130
1.1174
1.7128
2.2958
2.937s
3.5407

-.0030
-.5008
1.1061
1.7067
2.2800
2.9444
3.5225

-.002s
--.5269
1.0896
1.7022
2.2655
‘2.9359
.3.5242

-.0137
-05495
.1.0891
,1.7036
.202521
.2.8092
.3.4940

-.0147
-.542s
.1.0896
.1.7080
,2.2843
.2.8980
,3.5124

-.0089
-.5226
.1.1007
.107s46
.2.2?81
.208W2
.3.4369

-

.

::
63
63
63
63

63
63
63
b3
63
63
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